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METHOD FOR DETECTING DNA WITH PROBE PNA 

RACKGROTTWD (VP THE INVENTION 
F-talfl o -F tfra Invention 

The present invention relates to a method for detecting a DNA 
using a PNA (peptide nucleic acid) as a probe. 
RaftTtgronnd Art 

Methods for detecting a target DNA by using a DNA that is 
complementary to the DNA sequence are well known . The complementary 
DNA for detecting the target DNA is referred to as "probe DNA' or 
simply "probe" . 

Detection of a target DNA by using a probe DNA is used, for 
example. In detecting pathogenic microorganisms, or in cloning 
genes. However, several problems remain unsolved. 

For example, a decrease in the salt concentration of the 
hybridization solution results in a decrease in sensitivity of 
detection of a target DNA. Therefore, it was necessary to carry out 
the hybridization in a buffer solution of a fixed salt concentration. 
Generally, the preparation of such buffer solutions is troublesome 
and has been one of the factors preventing the simplification of this 
detection method . 

SUMMARY OF THE TNVFNTTOM 

The inventors have now found that the sensitivity of detecting 
a target DNA by the hybridization method is remarkably improved by 
using a probe PNA in place of a probe DNA. 

A decrease in sensitivity of detecting a target DNA by the 
hybridization method could be due to, but not be limited to, the fact 
that phosphorus atoms or the like in a DNA molecule are negatively 
charged. More specifically, it is assumed that electric repulsion 
is generated between the probe DNA and the target DNA when the DNA 
is charged thus obstructing hybridization of the two DNAs, which 
results in a decrease in sensitivity of detection. The remarkable 
improvement mentioned above is cons±cLered to be the result of the 
absence of an electrical repulsion between the target DNA and the 
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probe PNA. 

An object of the present invention ±s to provide a method of 
detecting a target nucleotide sequence using a probe. The method 
according to the present invention has a remarDcably improved 
5 sensitivity of detection. 

The method for detecting a target double stranded DNA according 
to the present invention comprises the steps 

- hybridizing the target double stranded DNA with a single stranded 
PNA (peptide nucleic acid) which is complementary to the whole or 
hlO a part of the target DNA; and 

:! - measuring the degree of hybridization at the presence of a 
2 i denaturing agent. 

BRTFIF DES CRIPTION OF THF1 DWAWTWGS 

15 Figure 1 shows the chemical structures of DNA and PNA. 

1: Figure 2 shows a surface plasmon resonance biosensor. 7: 

cartridge block; 71: measuring cell; 72 and 73s passage; 8: light 
={ source; 80: incident light; 9z detector j 90: reflecting light; 10: 

measuring chip. 

20 Figure 3 shows the measuring chip for the surface plasmon 

resonance biosensor. 1: transparent substrate; 2: metal membrane ; 
3: organic layer; 4: avidin; 5: biotln; 6: probe PNA. 

Figure 4 shows a DNA sequence coding for Type II verotoxln of 
pathogenic Escherichia coll 0-157. 
25 Figure 5 shows the relationship between the amount of 

amplification products and resonance signals when the length of the 
sample DNA chain is 143 bp. PCR: 10 cycles (•), 20 cycles(A), 25 
cycle ( ) . 30 cycles (O) and 40 cycles(A). 

Figure 6 shows the relationship between the amount of 
30 amplification products and resonance signals when the length of the 
sample DNA chain is 256 bp. 

Figure 7 shows the relationship between the amount of 
amplification products and resonance signals when the length of the 
sample DNA chain is 284 bp. 
35 Figure 8 shows the relationship between the amount of 
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amplification products and resonance signals when the length of the 
sample DNA chain is 391 bp. 

Figure 9 shows the relationship between the length of the 
sample DNA chain and resonance signals. 

Figure 10 shows a surface plasmon resonance biosensor. 

nTTTATT.Kn DKflfiPTPTTON OF THK TNVENTTQN 
PNA is a substance that imitates DNA . Like DNA, PNA has nucleic 
acid bases such as adenine, guanine, cytosine, or thymine in the 
molecule and hybridizes specifically with a nucleotide sequence 
having complementary nucleic acid bases . Thus , PNA is almost 
similar to DNA in its functions but completely different from DNA in 
its structure. 

PNA consists of a polyamide backbone structure composed of 
N-( 2 -aminoethyl) glycine units (Figure 1) and has no sugar or 
phosphorus atom in its molecule. Therefore, it is electrically 
neutral and will not be electrically charged even in the absence of 
a salt. Nucleic acid bases are bound to the polyamide backbone via 
methylene carbonyl bonds (Figure 1). 

PNA can be synthesized, like peptides, for example, by the 
Fmoc-type peptide solid phase synthesis method or the tBoc-type 
peptide solid phase synthesis method- Alternatively, synthesized 
PNA could be purchased. 

The target nucleotide sequence to be detected by the method 
according to the present invention is not particularly restricted, 
provided that at least a part of its sequence is known. Examples of 
the target nucleotide sequence include DNA coding for verotoxln of 
pathogenic Escherichia, coll, DNA coding for gpl20 (the coating 
protein of HIV) , specif lc nucleotide sequences ( cDNA) of 16SrRNAs of 
various microorganisms , and a DNA coding for the antibiotic binding 
protein of methicillin-resistant staphylococcus (MRSA) . The 
target nucleotide sequence may contain impurities. For example, a 
heat-treated pathogenic E. coll preparation can be used without 
further purification as a test sample in detecting the DNA coding for 
verotoxin of pathogenic E. coll. 
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In detecting a target nucleotide sequence using a surface 
plasmone resonance biosensor, it is desirable to first amplify the 
target nucleotide sequence by a polymerase chain reaction (PCR) 
method. Conditions for PCR are not particularly restricted. 
5 However, significant resonance signals cannot be detected if the 
concentration of the nucleotide sequence in a sample is too low, 
while the detection of resonance signals will be reduced if the 
concentration of the nucleotide sequence in a sample is too high 
because of interaction between nucleotide sequences. Therefore, 
lllO 20 to 25 cycles of PCR are preferable - 

]i The method of detecting DNA according to the present invention 

'II can be carried out in any mode as long as it is based on the 
*J hybridization of a probe PNA and a target nucleotide sequence. 
:5J An example of a preferred embodiment is the use of a surface plasmon 

i^l5 resonance biosensor. The surface plasmon resonance biosensor and 
111 measuring chips to be used for detecting a target nucleotide 
[ It sequence according to the present invention will be explained as 

Q fOllOWS : 

w An example of a surface plasmon resonance biosensor used in the 

20 present Invention is shown in Figure 2. This surface plasmon 
resonance biosensor has a cartridge block 7 , a light source 8 and a 
detector 9 and is used by placing a measuring chip 10 on which probe 
PNA 6 is immobilized. Chip 10 is provided on cartridge block 7. 
The upper side of cartridge block 7 has a hollow and a measuring cell 
25 71 consists of this hollow and measuring chip 10. Measuring cell 71 
is communicated with the outside of cartridge block 7 via passages 
72 and 73. The sample flows into measuring cell 71 via passage 72 
and is discharged after measurement via passage 73 . 

Monochromatic light (an incident light 80) is irradiated from 
30 light source 8 toward the transparent substrate of measuring chip 10 . 
A reflected light 90 which is reflected by a metal membrane set on 
the reverse side of measuring chip 10 reaches detector 9 which can 
detect the intensity of reflected light 90. 

The biosensor as shown in Figure 2 yields a reflected light 
35 intensity curve which forms a trough relative to a given angle of 
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Incidence d- The trough in the reflected light intensity curve is 
due to surface plasmon resonance. When light is totally reflected at 
the interface between the transparent substrate and the exterior of 
measuring chip 10, a surface wave known as an evanescent wave is 
generated at the Interface and a surface wave known as a surface 
plasmon is also generated on the metal membrane. Resonance occurs 
when the wave number of these two surface waves coincides , and a part 
of light energy is consumed to excite the surface plasmon resulting 
in a decrease in the intensity of the reflected light. The wave 
number of the surface plasmon is affected by the refractive index of 
the medium proximate to the surface of the metal membrane. 
Therefore , when the refractive index of the medium changes due to an 
interaction between the targeted nucleotide sequence and the probe 
PNA, a surface plasmon resonance is induced to change the angle of 
incidence G. Thus, a change in the concentration of the targeted 
nucleotide sequence can be perceived by a shift of the trough in the 
reflected light intensity curve. The change in the angle of 
incidence 6 is called a resonance signal and a change of 10"* degree 
is expressed as 1 RU- 

Measurlng chip 10 may have a transparent substrate and a metal 
membrane necessary for surface plasmon resonance and the probe PNA 
can be immobilized on the metal membrane of the chip. Commercially 
available measuring chips (for example, a measuring chip for BXAcore 
2000 , Pharmacia Biosensor. Inc . ) may be used. The measuring chip as 
shown in Figure 3 is preferable . A metal membrane 2 and an organic 
layer 3 are molded onto a transparent substrate 1 . Avidin 4 is 
immobilized on the organic layer, and probe PNA 6 labeled with biotin 
is immobilized on avidin 4. 

Transparent substrate 1 is not particularly restricted, and 
can be any substrate used in a measuring chip for a surface plasmon 
resonance biosensor. Generally, substrates made of materials 
which are transparent to a laser beam, such as glass, poly (ethylene 
terephthalate) and polycarbonates can be used. A material which is 
not anisotropic to polarized light and which can be easily processed 
Is desirable. The thicltness of the substrate can be about 0.1 to 20 
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mm. 

Metal membrane 2 is not particularly restricted provided it can 
induce surface plasmon resonance. Examples of the metal to be used 
for this metal membrane include gold, silver, copper, aluminum and 
5 platinum. They can be used alone or in combination. Furthermore, 
for better adhesion to the transparent substrate, an auxiliary layer 
may be set between transparent substrate 1 and the layer made of gold, 
silver or the like. 

The thickness of metal membrane 2 is preferably 100 to 2000 
= 5 10 angstroms , most preferably 200 to 600 angstroms . When the thickness 
exceeds 3000 angstroms, surface plasmon phenomena of the medium 
cannot be sufficiently detected. Furthermore, when an auxiliary 
layer made of chrome is used, the thickness of the layer is preferably 
5 to 50 angstroms. 
15 Metal membrane 2 can be formed by a conventional method such as 

- sputtering, vacuum evaporation, ion plating, electroplating or 

non-electrolytic plating. The sputtering method is preferable. 
: Organic layer 3 consists of a substance which can bind both to 

□ a metal atom and to an avidin molecule . The thickness of the organic 

20 layer is preferably 10 to 200 angstroms, most preferably 10 to 50 
angstroms. Furthermore, aside from an avidin -biotin bond, the 
probe PNA can be immobilized on organic layer 3 using a covalent bond, 
such as an ester bond or amide bond. 

The organic layer 3 can be formed using a sllane coupling agent 
25 or a compound having a mercapto group and another organic functional 
group (thiol compound), or using the LB (Langmuir-Blodgett ' s) 
technique . A membrane formed by the LB technique binds to the metal 
membrane weaker than a membrane formed using a silane coupling agent 
or a thiol compound. However, the LB technique is applicable to a 
30 wider range of substances and can form an agglomerated membrane. 
Therefore , the number of avidin 4 to be bound per unit area can be 
increased. 

Examples of silane coupling agents that can be used to form the 
organic layer Include 3-aminopropyltrlethoxysilane, 
35 3 - andnopropyltrimethoxysilane , 
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3 -aminopropyldlethoxymethylsllane , 
3 - ( 2 - aminoethylaminopropyl ) trimethoxysilane , 
3 - ( 2 - aminoe thy laminopr opyl ) dimethoxymethyl s ilane . 
3 -mercaptopropyltrimethoxy silane and 
5 dimethoxy-3 -mercaptopropylmethyl silane . 

Examples of thiol compounds include: 
raercaptoaminomethane . 2 -mercapto- 1 -amlnoethane , 

3 - mercapto - 1 - aminopropane , 4 -mercapto - 1 - amlnobutane , 
1 , l , l - triamlno - 2 -mercaptoethane , mercaptoacet ic acid , 

-10 2-mercaptopropionic acid, 3-meroaptobutyric acid, 

4- mercaptovaleric acid and 1,1, 1- triamlno- 3 -mercaptopropane. 

Multi-functional substances having many binding sites with 
" avidin , such as 1,1,1 - triamlno - 2 -mercapt oethane and 1,1,1- 
triamino-3-mereaptopropane, are preferably used. Examples of 
15 substrates applicable to the LB technique include 21- 
Z amlnodocosanolc acid, stearyl amine and polylysine. 

Examples of methods for forming the organic layer by a s ilane 
coupling agent include the exposure of a metal membrane to saturated 
= vapor of a silane coupling agent for a certain period of time 

20 (saturated vapor method) , the immersion of a metal membrane into a 
solution containing a silane coupling agent (immersion method), a 
spin coater (spin coating method) and a photogravure press (gravure 
method) . The saturated vapor method, immersion method, spin 
coating method or gravure method can be used to form organic layer 
25 3 using a thiol compound. 

Avidin 4 can be immobilized on organic layer 3 by contacting a 
fixed amount of avidin 4 with organic layer 3 for a fixed period of 
time. More specifically, transparent substrate 1 with adhered 
organic layer 3 is positioned on the flow cell type surface plasmon 
30 resonance biosensor and a fixed amount of avidin 4 is poured for a 
fixed period of time. 

Examples of methods to immobilize probe PNA 6 labeled with 
biotin 5 on avidin 4 include the ink jet method and macro dispenser 
method. The ink jet method has an advantage ±n that it can precisely 
35 eject a drop containing probe PNA 6 onto an extremely small area so 
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that probe PNA 6 to be immobilized can be utilized efficiently. 

Immobilization can be carried out by positioning a measuring chip 
onto a flow cell type surface plasmon resonance biosensor and 
pouring a certain amount of probe PNA 6 for a fixed period of time. 
5 This immobilizing method has an advantage that immobilization of 
avidin 4 and probe PNA 6 can be done consecutively. Labeling the 
probe PNA 6 with blotin 5 may carried out by extending a PNA strand 
from biotin by the use of the peptide solid-phase method. 

DNA detection using the surface plasraon resonance biosensor is 
~ XO performed by pouring a sample containing the target DNA into a 
%l measuring cell of the sensor. The DNA concentration in the sample 
1: is preferably 0.1 to 1 nM. Although DNA can be detected by this 
£ method in the virtual absence of salt in a sample, a salt 
* concentration of 150 to 300 raM is preferable to detect DNA with high 
== 15 sensitivity. 

^ The measuring step can be carried out at a temperature not 

ill exceeding 40°C 

W The target nucleotide sequence may be one or more . Two or more 

JJ kinds of target nucleotide sequences can be detected by immobilizing 

20 multiple numbers of PNAs onto one chip or by providing multiple 
numbers of chips onto the sensor . Detection of two or more kinds of 
target nucleotide sequences in this manner will provide better 
accuracy in detection of the nucleotide sequences. 

Whether a sample contains DNA derived from a certain 
25 microorganisms can be identified with high accuracy, for example , by 
immobilizing two or more PNAs complementary to specific DNA of said 
microorganism. Accuracy can be improved also by including a PNA 
which does not bind to the target DNA (negative probe) in the DNA 
sequences being immobilized. Furthermore, by selectively 
30 immobilizing a nucleotide sequence r not only the presence or absence 
of verotoxin in the sample but also the type of toxin, type I or type 
II, can be determined. 

When two or more PNAs are immobilized, the surface plasmon 
resonance biosensor to be used is preferably of the type in which the 
35 measuring chip can freely move in the horizontal direction. Such 
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sensor will enable the measurement of signals of multiple numbers of 
samples on the chip while leaving the optical system fixed. 

The present invention provides a method for detecting 
Baherxcshia cm i o-157, which comprises the steps of s 
5 - amplifying a genome DNA of Kfthftrl chl a coli O- 157 by PCR to obtain 
a double stranded DNA; 
- hybridizing the double stranded DNA with a single stranded PNA 
which has the same sequence as at least 15 consecutive nucleotides 
of the nucleotide sequence of SEQ ID NO: 1; and 
1 10 - measuring the degree of hybridization at the presence of a 
denaturing agent. 

The amplifying step above can be carried out by using a sense 
: primer selected from SEQ ID NOS. A. 5, 7, 8, and 9 and an antlsense 

r primer of SEQ ID NO. 6. 

15 The single stranded PNA can be selected from the group 

: consisting of the sequences of SEQ ID NOSs2, 16. and 17 and a 

complementary sequence thereof. 

The present Invention also provides a method for detecting 
Rahprinhifi firyi i 0-157, which comprises the steps of s 
20 - amplifying a genome DNA of Efihe-rl chla cjali 0-157 by PCR to obtain 
a double stranded DNA by using a sense primer selected from SEQ 
ID NOS. 4, 5, 7, 8, and 9 and an antisense primer of SEQ ID NO. 6; 

- hybridizing the double stranded DNA with a single stranded PNA 
selected from the group consisting of the sequences of SEQ ID 

25 NOS*. 2. 16, and 17 and a complementary sequence thereof: and 

- measuring the degree of hybridization by using a surface plasmon 
resonance biosensor at the presence of a denaturing agent at a 
temperature not exceeding 40°C. 

The present Invention further provides an apparatus for 
30 detecting Egherichia coli 0-157, comprising: 

- a surface plasmon resonance biosensor; 

- a measuring chip for the surface plasmon resonance biosensor; and 

- a single stranded PNA selected from the group consisting of the 
sequences of SEQ ID NOS :2, 16 , and 17 and a complementary sequence 

35 thereof, which is immobilised on a surface of the measuring chip. 
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The apparatus according to the present Invention can further 
comprises : 

- a sense primer selected from SEQ ID NOS. 4, 5, 7, 8, and 9; and 

- an antlsense primer of SEQ ID NO. 6 . 

5 The apparatus according to the present invention can be 

characterized that a sample DNA is amplified by using the sense 
primer and the antisense primer by PCR to obtain a double stranded 
DNA and that the degree of hybridization between the double stranded 
DNA and the single stranded PNA is then measured at the presence of 
Z 10 a denaturing agent at a temperature not exceeding 40°C. 

: EXAMPLES 
Example 1 

A 5% avidin solution was poured into the measuring cell of a 
15 commercial surface plasmon resonance biosensor (BIAcore 2000, 
Pharmacia Biosensor) at a flow rate of 5 ul/min for 7 minutes to 
immobilize avidin onto the measuring chip. Meanwhile the following 
PNA which Is complementary to a part of the DNA sequence (SEQ ID NO. 
: l. Figure 4) coding for type II verotoxln, and has biotin bound at 

20 its 5* end was synthesized (synthesized by Japan Perceptive Inc. ) . 
TGCAGAGTGGTATAACTG (SEQ ID NO. 2) 
(This sequence is complementary to the DNA sequence of 402-419 of SEQ 
ID NO. 1. ) 

A solution containing this probe PNA ( 10 uM) was poured into the 
25 measuring cell of the biosensor at a flow rate of 1 n-l/min for 50 
minutes to immobilize the probe PNA via avidin onto the measuring 
chip . The measuring cell was then washed with a 50 mM NaOH solution. 

The following single- stranded DNA complementary to the probe 
PNA was synthesized: 
30 CAGTTATAACCACTCTGCAACG (SEQ ID NO. 3) 

(This sequence is identical to the DNA sequence 402-422 of SEQ ID NO. 
1.) 

Solutions containing this DNA and having the following 
composition with different salt concentrations were prepared? 



35 
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T able 1 



Composition Concentration 

Trie buffer solution (pH 7.5) 10 mM 

DNA 0.1 yM 

EDTA (pH 8.0) 10 mM 

NaCl 0 to 300 mM 

These solutions with different salt concentrations were poured, 
into the measuring cells at a flow rate of 5 ml/min for 10 minutes 
and then resonance signals were measured. Results are shown in 
Table 2. 

Table 2 

Probe Salt mnr.fintratinn 

0 mM 10 mM 300 mM 

DNA Undetectable 37.6 RU 253.1 RU 

PNA 68.4 RU 87.4 RU 157.7 RU 



As shown in Table 2, with the salt concentration of 0 mM, 
resonance signals were virtually undetectable with the DNA probe 
but were detectable with the PNA probe. These results showed that 
detection sensitivity with a PNA probe was less affected by salt 
25 concentration than was the case with a DNA probe . Therefore , the use 
of a PNA probe enables a target dna to be detected simply by desalting 
the PCR products. 



Example 2 

30 The following two sense primers and one antlsense primer were 

synthesized based on the genome DNA of pathogenic E. coll 0-157 shown 
in Figure 4. 

Sense primer 1: GCCGGGTTCGTTAATACGGCA (SEQ ID NO. 4) 
(This sequence is identical to the DNA sequence 301-321 of SEQ id NO. 
35 1) 
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Sense primer 5: CTGTGCCTGTTACTGGGTTTT (SEQ ID NO. 5) 
(This sequence is identical to the DNA sequence 28-48 of SEQ ID NO. 
1) 

Antisense primer 1: GAACGTTCCAGCGCTGCGACA (SEQ ID MO. 6) 
5 (This sequence is complementary to the DNA sequence 423-443 of SEQ 
ID NO. 1) 

A solution for PCR having the following components containing 
these primers and a genome DNA of pathogenic E. coll 0-157 used as 
a template was prepared. 

= 10 

Table 3 



Component Concentration 

Tris buffer solution (pH 8.3) 25 mM 

15 Primer 1 MM 

Template DNA 1% 

Potassium chloride 500 mM 

Magnesium chloride 15 ™M 

dNTP 8* 

20 Taq polymerase 0.2% 



After an initial denaturation (95*0, 3 minutes), PCR was 
performed for 40 cycles of denaturation (61*0, 1 minute) , annealing 
(72"C, 1 minute) and elongation (94*0, 1 minute). 

25 Two kinds of PCR amplification products containing 143 bp or 

416 bp double-stranded DNA were obtained. To 30 ul of each 
amplification product were added 10 ^il of formamide and the mixture 
was heated at 95*C for 10 minutes. The resulting heat -denatured 
amplification products were poured at a flow rate of 5 ul/min for 10 

30 minutes into measuring cells in which the probe PNA was immobilized 
as described in Example 1 and resonance signals were measured. 
For a control, 30 ui of a Tris buffer solution (pH 7.4) was used 
Instead of 30 ill of PCR products. Results are shown in Table 4. 
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Table 4 

Prnhe Sample DNA ftmOHTlt . Of PCR product 

0 nl( control) 30 \il 

5 DNA 143 bp 3.7 RU 21.6 RU 

PNA 143 bp 4.4 RU 211.3 RU 

PNA 416 bp 4.4 RU 276.2 RU 

As shown in Table 4, even under these conditions for PCR, 

- 10 significant resonance signals were detected with the use of PNA as 

a probe but signals could hardly be detected with the use of DNA as 
a probe. These results showed that probe PNAs were more readily 
hybridized with sample DNAs than probe DNAs . 

- The 416 bp sample DNA showed larger resonance signals than the 
15 143 bp sample DNA. But in view of the fact that resonance signals 

- increase with an increase in molecular weight of the substance 
binding with the probe, this resonance signal value was not as great 

-- as anticipated, in other words, the 416 bp DNA is not hybridized 
O with the probe PNA as efficiently as the 143 bp DNA . This phenomenon 

20 would be due to the greater probability that as its chain length 
increases. DNA becomes a three-dimensional shape which cannot 
hybridize with a probe (for example, spherical). 

Bvampltt 3 

25 The following four sense primers and one antisense primer were 

synthesized based on the genome DNA of pathogenic E. coll 0-157 shown 
in Figure 4. 

Sense primer la GCCGGGTTCGTTAATACGGCA (SEQ ID NO. 4) 
(This sequence is identical to the DNA sequence 301-321 of SEQ ID NO. 
30 1) 

Sense primer 2: TTAACCACACCCCACCGGGCA (SEQ ID NO. 7) 
(This sequence is identical to the DNA sequence 188-208 of SEQ ID NO. 
1) 

Sens© primer 3 s TCTCAGGGGACCACATCGGTG (SEQ ID NO . 8) 
35 (This sequence is identical to the DNA sequence 160-180 of SEQ ID NO. 
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1) 

Sense primer 4: CGGTATCCTATTCCCGGGAGT (SEQ ID NO. 9) 
(This sequence is identical to the DNA sequence 53-73 of SEQ ID NO. 
1) 

5 Antlsense primer 1: GAACGTTCCAGCGCTGCGACA [SEQ ID NO. 6} 

(This sequence Is complementary to the DNA sequence 423-443 of SEQ 
ID NO. 1} 

A solution for PCR having the following components containing 
these primers and a genome DNA of pathogenic E. aoll 0-157 used as 
; 10 a template was prepared. 

h Table 5 



_„ ComppriftTit Concentration 

15 Tris buffer solution (pH 8.3) 25 mM 

Primer 1 uM 

Template DNA 1% 

Potassium chloride 500 mM 

Magnesium chloride 15 mM 

20 dNTP 8% 

Taq polymerase 0.2% 



After an initial denaturation (95^3 , 3 minutes), PCR was 
performed for 10 to 40 cycles of denaturation (61*0, 1 minute), 

25 annealing (72*0, l minute) and elongation (94^, 1 minute). 

Pour kinds of PCR amplification products containing 143 bp, 256 bp, 
284 bp, or 391 bp double- stranded DNA were obtained. To 10 ul, 20 
pi, 30 yLl t 40 60 nl or 80 ui of each amplification product were 
added 10 ui of formamide and the mixture was heated at 95*C for 10 

30 minutes . The resulting heat -denatured amplification products were 
poured at a flow rate of 5 ml/min for 10 minutes into measuring cells 
in which the probe PNA was immobilized as described in Example 1 and 
resonance signals were measured. Results are shown in Figures 5,6, 
7 and 8. 

35 Figure 5 shows the relationship between the amount of PCR 
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products and resonance signals when the length of the sample DNA 
chain is 143 bp. As shown in the Figure, larger resonance signals 
were detected as the number of the cycles increased. However, at a 
higher number of PCR cycles, resonance signals start to diminish 
5 when the amount of PCR products exceeds 30 jil. 

Figure 6 shows the relationship between the amount of PCR 
products and resonance signals when the length of the sample DNA 
chain is 256 bp . Unlike Figure 5 , the largest resonance signals were 
detected for the PCR with 25 cycles. 
10 Figure 7 shows the relationship between the amount of 

amplification products and resonance signals when the length of the 
sample DNA chain is 264 bp. Resonance signal detection patterns 
were virtually similar to those in Figure 6. 

Figure 8 shows the relationship between the amount of 
15 amplification product and resonance signals when the length of the 
sample DNA chain is 391 bp. Resonance signal detection patterns 
were virtually similar to those in Figure 6. 

The relationship between DNA chain length and resonance 
signals was analyzed from the results shown in Figures 5 to 8. 
20 The resonance signal values for 40 jxl of PCR products were used. 
Results are shown in Figure 9. 

In general, resonance signals increase with an increase in 
molecular weight of the substance (DNA chain length) binding with 
the probe, but this is not the case in Figure 9 . As mentioned above, 
25 this phenomenon would be due to the greater probability that as its 
chain length increases., DNA becomes a three-dimensional shape which 
cannot hybridize with a probe. 

Example 4 

30 A layer chrome and then a gold layer were deposited on a 13 mm 

x 18 mm and 0.3 mm thlcJc blue glass plate (Ma tsunami Glass Kogyo) by 
sputtering to produce a measuring chip for a surface plasmon 
resonance biosensor. Sputtering was carried out at 100 W for 30 
seconds to produce a 32.2 angstrom chrome layer; and at 100 W for 150 

35 seconds to produce a 474 -angstrom gold layer. This measuring chip 
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was Immersed into a 1 mM ethanol solution of ll-mercaptoundecanoic 
acid for 24 hours to form a thin organic membrane layer on the metal 
layer. Then, 50 [il of a 5% avidin solution were dropped at 3 spots 
on the same chip , wherein amides bonds were formed between the avidin 
5 molecules and the thin organic membrane molecules, thus 
immobilizing the avidin molecules. 

The following three kinds of PNA with biotln bound at the 5 ■ end 
(synthesized by Japan Perceptive Inc. ) . These PNAs have sequences 
complementary to a part of three kinds of genes , tdfcl , tdh2 and trh2 , 

CjlO which are the toxic elements of a toxin producing bacteria. Vibrio 

Cj parahaemolytlcus - 

f Sequence A (tcZ&l): AAGTTATTAATCAAT (SEQ ID NO. 10) 

Sequence B (t<2h2): TTTTTATTATATCCG (SEQ ID NO. 11) 
g Sequence C (trh2): CCCAGTTAAGGCAAT (SEQ ID NO. 12) 

J 15 30 jj.1 of a solution containing the abovementioned PNA (10 |Al) 

th were dropped onto the spots where the avidin solution was dropped to 
immobilize the PNA onto the measuring Chip via an avidin -blot in 
W bond. 

The measuring chip on which the PNA was immobilized was placed 
20 onto a surface plasmon resonance biosensor (SPR-20 type with a 
modified sensor head and fluid supply and drainage, Denki Kagaku 
Reiki) (Figure 10) . Since the measuring chip of this biosensor can 
freely move horizontally, resonance signals of the multiple numbers 
of samples present on the chip can be measured leaving the optical 
25 system fixed. 

The DMA sequence to be detected was amplified as a fragment of 
about 300 bp using a FCR (25 cycles). A solution containing the 
amplified DNA was poured into a measuring cell of the biosensor to 
measure resonance signals at a flow volume of 10 ul. Results are 
30 shown in Table 6 . 

Table 6 



35 



Sequence A B C 

Resonance signal (x lO") 308 (RU) 29© (RU) 315 (RU) 
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As shown in Table 6, sequences A, B and C all show signals near 
300 RU (converted values). Considering the fact that the signals 
are 3.0-20 RU (converted values) when no DNA is bound (negative) , then 
it would appear that the DNA was bound to the three kinds of 
5 immobilized PNAs (positive). 

Ryfimplft 5 

A metal layer and a thin organic membrane layer were deposited 
on a blue plate glass and four measuring chips were prepared as 

MO described in Example 4. 50 ul of a 5% avidin solution were dropped 
on two spots each of the four chips (totally 8 spots) to immobilize 

'% the avidin molecules . 

•|| The following 8 PNAs to which biotin is bound at their 5* ends 

If were synthesized (synthesized by Japan Perceptive Inc.)- 

r 15 Sequences A, B and C are PNAs which have sequences complementary to 
a part of gene tdhl. tdh2 and trh2 of Vibrio peirahaemolyticus , 
H| respectively. Sequences D, E, F, G and H are PNAs which have 

2: sequences complementary to 1SS rRNA of Salmonella enteritidls, a 

O pertussis toxin of Borderlia pertussis r Vibrio cholera toxin, type 

20 I verotoxin of Escherichia coll 0-157 (pathogenic E. coli 0-157) and 
type II verotoxin of E. coli 0-157, respectively. 



the spots where the avidin solution was dropped to immobilize the PNA 
onto the measuring chip via avidin -biotin bonds. 

The measuring chip on which the PNA was immobilized was placed 
onto the surface plasmon resonance biosensor used In Example 4 . The 
35 DNA to be detected was amplified using the PCR as described In Example 



25 



Sequence A: AAGTTATTAATCAAT ( SEQ ID NO. 10) 

Sequence B: TTTTTATTATATCCG (SEQ ID NO. 11) 

Sequence C: CCCAGTTAAGGCAAT (SEQ ID NO. 12) 

Sequence D: CGCAAACCGTATTAC (SEQ ID NO. 13) 

Sequence B: CCAAAGTATTTCCCT (SEQ ID NO. 14) 

Sequence F: AATTCGGGTTAATTG ( SEQ ID NO. 15) 

Sequence G: GGGCGTTATGCCGTA (SEQ ID NO. 16) 

Sequence H: TGCAGAGTGGTATAA (SEQ ID NO. 17) 



30 



30 ui of a solution containing the PNA (10 ^1) were dropped onto 
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4. Four DNAs were used.; DNAs prepared from E. coll 0-157, Vibrio 
parahaemolytlcus , and Salmonella and a combination of DNAs from E. 
coll 0-157 and Salmonella. A solution containing the amplified DNA 
was poured into a measuring cell of the biosensor to measure 
5 resonance signals at a flow volume of 10 u-1. Results are shown in 
Table 7. 

Table 7 

10 E. coll V.parah&emolltlcuB Salmonella E.coll 0-157 
Q-157 4- Salmon ella 



Sequence 


A 


22 


295 


10 


11 


Sequence 


B 


18 


331 


12 


28 


sequenae 


C 


21 


301 


18 


23 


Sequence 


D 


15 


22 


321 


299 


Sequence 


E 


17 


24 


22 


18 


Sequence 


F 


24 


19 


33 


19 


Sequence 


G 


308 


18 


24 


356 


Sequence 


H 


311 


25 


26 


334 



20 

As shown in Table 7, for the various microorganisms, signals 
near 300 RU were obtained for positive samples and signals less than 
30 RU were obtained for negative samples. 



